Since pollutant total amount control was introduced in China in the 1980s, many researches have focused on water environmental capacity, the allocation of pollutant load, and the pollution discharge right trading. The allocation of water pollution load is the core as well as difficult point in total amount control system of water pollutants discharge. There are a series of objects for water pollutions load allocation, including water basin, the water function zoning, administrative units, sewage outlets and pollutant discharging points. For different objects of allocation, a distribution planning must be able to meet both the regional requirements and the benefits of pollutant discharging enterprises. However, it is difficult to meet the interests of various levels by one kind method of load allocation. This paper intends to establish a new multi-level load allocation system for Xi"an-Xianyang Section, Weihe River. With large population, concentrated industrial discharging, and poor water quality, the approach needs to consider both regional development requirements and pollutant discharging point"s economic interests. At the same time, for different objects at various levels, there is proper different distribution method according to the principles of efficiency and fairness in allocation. For regional water function zoning to administrative units, the environmental Gini coefficient analysis for regional allocation is applied in economic sphere to set up an appropriate allocation model for the optimal allocation. For administrative units to sewage outlets, optimal generation performance standard (GPS) method for enterprises allocation is used to improve the emission performance. The model"s objective will be changed from minimum cost to greatest value. The results showed that Xi'an and Xianyang City has four counties needed to reduce the pollution load largely, respectively, because they have some prominent contradiction with the social and economic developments and the natural environment. In addition, in the key reduction region the discharge units should be cut the distribution in accordance with the ratio of distribution model. While in the maintaining present conditions regions, discharge units will have some "surplus capacity" for future emission control. This new approach for water total amount load is effective and may provide the foundation for the pollutant total amount control of Weihe River.
Introduction
In the 1980s, the ideas of pollutant total amount control were introduced to China, and triggered a lot of researches such as the calculation of water environmental capacity, the allocation of pollutant load, and the pollution discharge right trading. The total amount of water pollution control technology is combined with water pollution prevention and treatment technology to form a water quality management technology system, which includes three kinds of total amount control of water pollutants, which are based on environmental capacity (EC), environmental target (ET) and the industrial characters(IC) respectively [1] . Among them, the allocation of water pollution load is the core and difficult point in water pollution total amount control system [2] .
Basic principles of pollution load allocation:
According to the researches and practices of pollutant total amount control in China, the basic allocation principles include five aspects: sustainability, equity, efficiency, technical feasibility and operability [3] .
In market economy, to balance the rights of polluters" using of environmental resources and the obligation of pollution reduction, the principle of equity is the first principle to be followed [4] . And then according to the cost-effectiveness analysis of discharge enterprises, the contribution of water pollution by various sources and the financial capability of small business, pollution load allocation should use efficiency principle. In addition, implementing the load allocation plan should also take the technical feasibility and operability into consideration [2] .
The main allocation methods:
Our load allocation methods, mostly based on the water environmental capacity or the environmental target, allocate water pollutant load using the economic optimal principles (the efficiency principle) or the principle of equity. There are some allocation methods based on the principle of equity, such as equal percent removal, the proportion of pollution contribution method [5] , the AHP analysis method [6] and the Gini coefficient method [7] . In these methods, various factors are taken into account to reflect the development and the relationship of natural resources and human society. These methods are scientific and comprehensive, but lack the impact of pollution from different sizes of companies. What"s more, the allocation methods based on the principle of efficiency include the minimal handling cost method [8] , the maximum marginal benefit method [9] and a variety of mathematical programming models [10] . Under the conditions of total amount constraint, such methods reduce the pollution load to strive for maximizing enterprises" economic efficiency. But it is easy for the discharge companies to be assigned more reduction load which have high removal efficiency and effective management. In addition, allocation methods take both the principles of fairness and efficiency, such as the multi-index comprehensive planning method [11] , AHP and the Gini coefficient feedback method [12] . These methods combine the advantages of the first two kinds of methods, but the large amount of calculation, taking many factors into consideration and low practical operability are the disadvantages make it can"t be widely used.
Actually, each load allocation method has its own suitable principles and characteristics. There are a series of objects for water pollutions load allocation, including water basin, the water function zoning, administrative units, sewage outlets and pollutant discharging points. Depending on the different characteristics of distribution objects, the principles of allocation method are not same. So it is difficult to meet the interests of various level objects by one kind method of load allocation.
Research progress
This paper intends to establish a multi-level load allocation method. In the regional level for the water function zoning and administrative units, the environmental Gini coefficient analysis method is applied to set up an appropriate optimal allocation model. The regional demand of water resources (economic, social status) and the supply of water resources (environmental capacity, water conditions) are taken into overall consideration. In the discharge unit level, optimal generation performance standard (GPS) method bases on the principle of efficiency is used to improve the generation performance and reduce pollutant load. Priority load allocation rights will be given to enterprises which have high utilization of environmental resource. And gradually establish the region's industrial structure which is appropriate with the water capacity.
After design the basic allocation program, the system needs to be modified according to the unit's actual emission situation, the impact of different size and position of sewage points. This allocation program can combine the regional level and emission point level, according to the principles of fairness and efficiency. It makes the allocation results more acceptable by two levels. Wei Wang and Yuan Wang of Tianjin University make use of such method and have studied the total water pollutants load allocation in Tianjin. The results of the local load allocation appear effective and suitable to the actual pollution status.
Multi-level load allocation method

In the regional level, the Gini coefficient method
Gini coefficient is proposed by Italian economist Gini, according to the Lorenz curve in the early 20th century, which is an indicator to determine the extent of equal for national income. Shown in Figure 1 , the calculation of Gini coefficient uses trapezoidal area method, by A / (A + B) value of that. The radian of Lorenz curve is smaller; the Gini coefficient indicates that the allocation is more equal [7] . Accordance with international practices, the Gini coefficient usually is 0.4, which as the warning sign of equity for income allocation gap [13] . 
The essence of Gini coefficient is to analyze the uniformity of the allocation, so it can be applied to other disciplines, which is related to uniformity analysis [14] . From environmental view, water pollution load distribution based on the Gini coefficient uses the concept of Gini coefficient to express the fairness of various regions" emission intensity, which is represented by the economic, social or environmental resources indicators. So allocation rights can be allocated according to the Gini coefficinet result of the region's population, land area, economic income and environmental capacity. The number of Gini coefficient is smaller; the allocation of water pollution load is more fair [15] , which is matched with the region"s actual social and economic development. This method is widely used in the total water pollution load allocation for regional level, and has achieved good results [16] .  The selection of control indicators According to relative researches [7, 17] , the regional natural conditions and social economic development, this paper choose the region's total population, land area, GDP and the maximum allowable emission as the control targets of Gini coefficient.  The calculation method of Gini coefficient ①Determine the total amount load indicator W, which can be allocated within the basin; ②Calculated the cumulative percentage both of the major control targets and the amount of total emission. And then calculate every control target"s Gini coefficient using trapezoidal area method, calculated formula as follows:
Where: X i ---the cumulative percentage of total population, land area, GDP and the maximum allowable emission of the i-th region; Y i ---the cumulative percentage of total emission of pollutants; n ---the number of assigned area, when i = 1, (X i -1, Y i -1) as (0, 0) ③ According to the total amount of available distribution W, the objective function is to minimize the sum of every control indicator of Gini coefficient. The decision variable is the ratio of cutting in every region. Multi-constrained single-objective linear programming method can be used to strike the optimal solution. Constraints: The reduced amount of pollutants achieve the desired total reduction target; The environment Gini coefficient of every control indicates equal or less to status value; Design the appropriate upper and lower limit of viable cutting percentage; The relative position of every area"s control indicator"s Gini coefficient cannot be changed in the Lorenz curve. Finally, the reduction program should be analyzed about its feasibility to determine the final allocation plan.
1) The objective function
2) Constraints The constraint of total amount of reduction:
The constraint of the Gini coefficient for control index:
The constraint of the reduction rate based on the area"s status quo: (5) Where: F is the sum of the four indicator"s Gini coefficient, which are the population, land area, GDP and maximum allowable emission; W 0(i) for the actual total amount of pollutant emission in the i-th county; q for reduction rate of the designed target; G 0(j) is the Gini coefficient for the "j" index with status value; P i is the reduction rate for the i-th distributed county; P i0 , P i1 , is respective the lower and upper limits for pollution reduction rate of counties.  The rules of Gini coefficient for the environmental allocation Application of the Gini coefficient for water pollutants of the total allocation should take into account the difference of every region conditions where natural resources and social economic conditions are quite different within the same basin. So there are the following rules for application:
①In the condition that ensuring the environmental Gini coefficient steady, the decision variables (reduction ratio) is adjusted. That is to minimize the sum of every index"s environmental Gini coefficient, by adjusting reduction rate, which obey the conditions that each allocated indicator is fair and unchanged worse. The rules seek to ensure that the only solution is the optimal solution and to avoid causing interest conflict between counties.
② During adjusting environmental Gini coefficients, the order of region"s position of corresponding Lorenz curve cannot be changed, and maintain the sequence of pollution emission per every indicator consistent with the actual discharge situation and ensure that adjusted programs can be implemented well [18] .
At the emission enterprises level, optimal generation performance method
The economic efficiency is the primary tasks of industrial enterprises, so they use pollution load allocation method which mainly considers the principle of efficiency. It chooses maximum generation performance as the objective function and tries to use minimal environmental costs to get maximize economic development.
According to the principle of efficiency, the objective function is the maximum value of the sum of all enterprises" generation performance in the unallocated district and county. And the decision variables are the amount of each enterprise"s COD allocation. Then optimize the amount of each company"s allocation with these constraints such as total amount of COD target, the total amount of using fresh water and reduction rate in the counties.
2) Constraints The constraint of total designed target of COD
The constraint of amount of fresh water
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The constraint of reduction rate upper and lower limit 0 i0 1 0
Where: M is the sum of all enterprises" generation performance in the region. A i is the generation performance per COD in the i-th enterprise. C i is the amount of COD allocation in the i-th enterprise (decision variable); C 0 is the COD total target of the region; C 0i is the amount of actual COD emission in the i-th enterprise; B i is the amount of fresh water per COD emission in the i-th business. D 0i is the actual amount of fresh water in the i-th company; C i0 is the lower bound of the reduction rate in the i-th company; C i1 is the upper bound for the reduction rate.
The allocation results of Weihe River
Overview
Weihe River is the largest tributary of the Yellow River, of which 49.8% in Shaanxi Province. The main stream length is 818km. The average annual rainfall is only 572 mm; the per capita share of water resources is 317.2m 3 , which is only the 13% of national per capita water amount. So it is a serious water shortage area [19] . However, the pollution of Weihe River is very serious in 2009. There are 13 monitoring sections, and 69.2% of them exceed the water function standard [20] . Main pollutants are COD, ammonia nitrogen, BOD 5 , volatile phenol and petroleum. Weihe"s serious organic pollution is mainly from untreated industrial wastewater and domestic sewage discharged directly, resulting in COD and BOD exceeded its standard seriously. And the pollution of paper mills accounted for 60% of COD pollution load. And for ammonia nitrogen, 62% comes from domestic sewage, 30% caused by agricultural fertilizers with groundwater infiltrated to river [19] .
Because Xi'an and Xianyang City locate in the middle reaches of the Weihe River, the water quality directly affect the economic development and people's life to the middle and lower reaches in Shaanxi Province. In 2007 the two city"s total industrial output value is the 74% of the whole province, which is a key industrial development region in Shaanxi Province. But they are also the most contaminated area, where five monitoring sections are inferior Ⅴ standard over the eight sections.
So this paper selects Xi'an and Xianyang section as the study area in Weihe River, uses multi-level load allocation method to reduce pollution load, and strives to alleviate the serious pollution situation of the Weihe River.
The results of regional level allocation
 The results of region"s load allocation in Xi"an According to Weihe River water environmental capacity estimated by Hydrology and Water Resources Survey Bureau of Shaanxi Province and the situation of COD actual emission in Xi'an in 2009, the amount of actual emission is much higher than the self-purification capacity of water bodies. And it is more difficult to achieve reduction purposes by once reduction allocation. Therefore, according to the State Council," Eleventh Five-Year" the nation's major pollutant emission total control program, the reduction rate of COD emission to water in Shaanxi Province is 10%, so we set target reducing rate of 10% in Xi"an and Xianyang City.
Using the Gini coefficient allocation method, and then get the distribution results of total 13 districts and counties in Xi'an, shown in Figure From Figure 2 , the reduction rate of Xincheng District, Lintong District, Hu County and Weiyang District are significantly higher than other counties, so these areas are identified as key reduction areas. Among them, Hu County and Weiyang District"s reduction rate up to 20%, followed by Xincheng District"s reduction rate is 15.1%, Lintong District is 10.45%. The reduction rate of the remaining counties is all 1%, so they can maintain the status quo. Totally, the amount of COD reduction is 3097.87 tons in Xi"an.  The results of region"s load allocation in Xianyang 
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Xianyang City cuts 1518.15 tons totally, of which the largest reduction proportion is Xingping City 20%, which is 1112.84 tons. Followed by Yongshou County, Wugong County and Sanyuan County, the proportion of reduction were 11.60%, 8.04% and 3.43%. The remaining counties reduction ratio is 1% and stay status quo.
From the allocation results of the counties in Xi'an and Xianyang City, the districts or counties with the largest pollutant emission is not necessarily the highest proportion of load reduction. According to the region's social, economic and environmental conditions, we can plan to conduct a reasonable allocation. The amount of emission per indicator"s volume as a benchmark to calculate the environmental Gini coefficient, and then we minimize the sum of all index"s Gini coefficient to optimize the allocation solution. So we can allocate the total pollution load to each region fairly.
The results of sewage enterprises level allocation
First, we should collect the information and emission data of key enterprises in every region. Then in accordance with the optimal generation performance method, strive to minimize environmental costs to maximize economic efficiency. And we take two districts for example, as Weiyang District whose reduction ratio is the largest 20% and Baqiao District maintain the status quo with 1% reduction rate. The actual emission amount of COD discharge is 6014.74 ton in Weiyang District, the reduction proportion of the district"s total control is 20%, 1202.95 tons of reduction targets. Enterprises can reduce the COD emission in accordance with the calculation result of optimize the allocation model. The result shows that the "pollution source 1" has the largest reduction ratio 22.9%, because it has higher amount of COD emission and lower total industrial generation performance. This kind of business companies should be cut more pollution load to reduce the harmful impact to environment. At same time it also encourages these enterprises to develop which have high efficient in using environment resource, and phases out inefficient business gradually.
The actual emission amount of COD discharge is 1117.39 tons in Baqiao District, the reduction proportion of the county is 1% reduction targets. In the optimization model, the enterprise must be given enough room for cut rates to ensure optimal solvability. For the district whose reduction rate is lower than 10% which is the whole city"s rate, the lower limit of cut rates will be negative. So some of enterprises with high efficient will get more allocation load than the amount of status emission. For such enterprises, allocation can be assigned according to status of their emission, and the reduction ratio as 0. Thus, the result of COD emission in Baqiao District is 1061.51tons. It reserves 44.71 tons (1106.22-1061.51＝ 44.71) for the environmental management sector. In the future, if such enterprises expand the production scale, the environmental sector will give them some amount of pollution load supplies. It encourages business companies to improve to the direction of green and recycling economy. Y Zhang et al./ Procedia Environmental Sciences 8 (2011) 
Discussion
According to the results of allocation, Xi'an and Xianyang City has four counties need to focus on reduction respectively. For example, the social and economic development does not match the environmental capacity. The contradictions are very prominent. So we mainly cut the pollution load in order to coordinate the human society with natural environment. In the key load reduction areas, all enterprises need to be allocated according to the results of the optimal allocation model. While in the maintain status quo areas, using the optimal allocation model may produce some surplus capacity which as the amount of future environmental reserve volume for total load control and management.
The core of Gini coefficient is adjusting allocation program with the Gini coefficient of actual social and environmental situation. So choosing the appropriate and scientific evaluation index is the premise for decision making. This paper select population, land area, GDP and the maximum allowable emission to represent social, economic, resource and environmental situation. But these indicators cannot sure whether respect the characteristics of society and nature. What"s more, it often overlooks the difference of industrial structure, technological level and environmental protection among different region. And these indicators are the key factors to decide how to allocate, which needs to be considered the calculation range for further study.
The optimal generation performance method still has two points needed to be studied in the future. On the one hand, using enterprise"s profit replaces the industrial output. Because profit is the net income got by making use of environmental resources, which is better to reflect the principle of efficiency. On the other hand, this method is suitable to the sewage enterprises which create economic benefits directly. And it is difficult to measure the social profit produced by non-productive units (such as hospitals, schools, municipal unit, et al.). So it needs improve or takes some new methods.
Conclusion
This paper base on the analysis of many kinds of load allocation methods, and according to different level of distribution objects, we establish a multi-level water pollution load allocation method. First, in the region level, we select the population, land area, gross domestic product (GDP) and the maximum allowable emission as the four indexes of society, resources, economy and water environment. We use Gini coefficient method to make a comprehensive understanding of the differences between the natural attributes and social attributes among different counties in Xi'an and Xianyang City. Second, in sewage enterprises level, we use the optimal generation performance method, taking some constraints into consideration, such as industrial output value of per COD emission, the amount of using fresh water and the upper and lower limits, et al. We take the region level and sewage point level together, which make the load allocation more equitable and efficient. And the method is easy for calculation and operation.
Using this allocation method for Xi'an Xianyang sections in Weihe River, the results show that at the regional level, there are eight districts and counties as key reduction areas, such as Weiyang District, Hu County, Xincheng District and Lintong District, total four regions in Xi"an city. And there are Xingping City, Yongshou County, Wugong County and Sanyuan County, total four regions in Xianyang City. The remaining districts and counties have the reduction rate of 1%, and they can maintain the status quo. In the region level, the social and economic developments have some prominent contradictions with the natural environment in these key cutting areas, so they need a large proportion of the pollution reduction control. In addition, in the key cutting region the emission enterprises cut the pollution load in accordance with the results of distribution model. While in the maintaining status quo regions, discharge companies will have some "surplus capacity" for future emission control.
